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ABSTRACT
A high-precision, extremely low mass antenna 
concept is currently being developed for poten­ 
tial deployment from the space shuttle. This 
innovative antenna derives its reflector sur­ 
face quality from the application of electro­ 
static forces to tension and form a thin mem­ 
brane into the desired concave reflector sur­ 
face. The typical shuttle-deployed antenna 
would have a diameter of 100 meters and an 
RMS surface smoothness of 10 to 1 mm for opera­ 
tion at 1 to 10 GHz. NASA Langley Research 
Center has built and is currently testing a 
subscale membrane reflector portion of such an 
antenna. Preliminary test results and princi­ 
pal factors affecting surface quality are 
addressed. Included is the effect of the 
perimeter boundary, splicing of the membrane, 
the long scale smoothness of commercial mem­ 
branes, and the spatial controllability of the 
membrane using voltage adjustments to alter 
the electrostatic forces.
THE REFLECTOR CONCEPT
The electrostatically controlled membrane 
reflector is essentially an electrically 
charged capacitor with a very thin, deform- 
able, shape-adjustable surface as one of its 
electrodes. Figure 1 is a schematic view of a 
baseline test bed. Fabrication and testing 
were performed at NASA Langley Research Center. 
When a voltage is applied between the flat 
circular membrane and the control electrode 
rings, the electrostatic attractive force 
(Coulomb's force) draws the membrane inward. 
High-voltage supplies are used to generate the 
required high field strength between the 
supported back electrodes and the deformable 
membrane electrode. A membrane, acted upon 
by such a pressure loading, forms a concave 
surface of the sort required for antenna 
reflectors. The fixed control-electrode sur­ 
face is segmented into electrically isolated 
annular rings, each supplied with a different 
control voltage and thus exerting a different
field strength and pressure on the membrane. 
Like pneumatic pressure applied to a deformed 
balloon, the electrostatic force is always 
normal to the (conducting) membrane; but 
unlike pneumatic pressure, the electrostatic 
loading can be changed. The ability to change 
pressure at different points on the membrane 
allows the forming of different reflector 
geometries.
Achieving and controlling the membrane tension 
requires a spatially and temporally control­ 
lable pressure field on the membrane. Electro­ 
static pressures appear very attractive because 
(1) they are readily controllable with voltage 
changes with negligible current flow, (2) they 
can be an integral part of a closed-loop con­ 
trol system that locks the final desired 
shape to a fixed position, (3) they can pro­ 
vide enough pressure to contour commercial 
polymer membranes of a thickness that can be 
reasonably handled and manufactured, and 
(4) they can be maintained with minimal power 
consumption and thus allow the use of micro- 
weight solid-state power supplies.
Table 1 lists five postulated goals of alight- 
weight reflector and the solution approach 
which initially led to the electrostatic mem­ 
brane reflector concept. The design philos­ 
ophy embodying the concept follows:
1. The membrane reflector can be an insula­ 
tor such as a polymer provided a con­ 
ducting surface is bonded to the mem­ 
brane. The reflection of electro­ 
magnetic waves even at frequencies as 
low as 1 GHz requires an 0aluminum coat­ 
ing of the order of 500 A to achieve 
greater than 99-percent reflectivity. 
Heavy metal surfaces are not required 
to form good electromagnetic reflectors-­ 
just a precision surface, smooth to a 
fraction of the operating wavelength.
2. Rather than utilizing a thick (heavy) 
supporting structure to achieve bending
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stiffness, a thin-tensioned membrane is 
employed. The membrane displays high 
levels of stiffness by virtue of exten- 
sional strain induced by motion of the 
membrane going from free state to 
electrostatic pressurized state. A 
very efficient, stiff structure is 
achieved without the mass penalty 
present with bending stiffened struc­ 
tures.
3. To achieve and control the membrane 
tension requires a spatially and 
temporally controllable pressure field 
that electrostatic pressure provides,
4» The reflector can be aligned with
respect to a surface sensor that 
measures its contour and provides 
position error signals when the mem­ 
brane reflector deviates from its 
desired shape. A controller then 
converts the error signals to voltage 
adjustments. The mechanical accuracy 
of the surface is governed by the 
accuracy of the. surface sensor.
5. Maintenance of the high figure quality 
is achieved', by a closed-loop circuit 
which periodically readjusts the shape
in the presence of onboard or external 
disturbances. The closed-loop circuit 
would provide surface stability for 
ground and Earth orbit antennas.
The electrostatic membrane reflector concept 
has the largest payoff for applications where 
very large, low mass, precision reflectors
are required. In Earth orbit, this concept
appears to have considerable merit in the
30»to ISOrmeter diameter regime. In the 
1-to 10-Gflz frequency regime are radiometer 
and radar missions. Very high surface-quality 
reflectors are required for mi 11imeter and sub- 
millimeter radlotelescopes operating as high 
as 600 to 1000 GHz,
Several electrostatic membrane reflector 
concepts that would be automatically deployable 
(jack-in-the-box) from the space shuttle bay 
ire undergoing system and subsystem design 
integration studies by the Martin Marietta 
Company. 'The supporting structure that holds 
the" control: electrodes md the membrane 
reflector become the deployment structure for 
unfurling the antenna. 'The radial rib, 
continuous truss (box or tetrahedron) 
and a 3- or 4-longeron compression rim are - 
being Integrated with the electrostatic mem­ 
brane reflector. A nominal I00-meter-d1ameter 
aperture deployed from the space shuttle c
i reasonable goal whin operating 
at" 1 to 10 GHz. Figure 2 illustrates the 
Martin Marietta of the 100 
diameter antenna.
The conceptual electrostatic membrane reflec­ 
tor shown in Figure 3 is unique among reflec­ 
tor antennas in that no rigid support structure 
exists over the operating aperture. The 
support structure, hinges, and "mechanisms" 
used to deploy the antenna are part of the 
compression rim. Very few mechanical actu­ 
ators are required to deploy the reflector. 
The concept incorporates a tgnsion field 
structure (surfaces © and CD) to fashion the 
control electrode surface, 0. The accuracy 
requirement on this "pillowed" control surface 
is quite relaxed. The membrane reflector 
surface (T) can be designed for 10-GHz opera­ 
tion to exhibit a surface quality of 10^ to 
1Q3 times more stringent than the control 
surface. This higher accuracy is achieved by 
position adjustments of the reflector surface 
0 by changing the voltages on surface (2) 
and by the favorable smoothing that occurs 
when providing a moderate stress in the 
reflector surface (T).
SUBSCALE GROUND TEST ARTICLE
Discussion of the electrostatic membrane sub- 
scale test fixture located at NASA Langley 
Research Center and preliminary test results 
will be the subject of the rest of this paper. 
A simple test fixture was designed,'fabricated, 
and built in 1980, The components, including 
the membrane reflector are commercially avail­ 
able items. The 16-foot aperture-diameter 
represented a size that was not too large to 
handle manually but not too small to obtain 
data over a reasonable area. It was decided 
that an axisymmetric surface had many advan­ 
tages for a preliminary model. One such 
advantage was the simplicity of the control 
electrodes which could be annular rings. 
Figure 4 is a photograph of the five control 
electrodes to which five separate power 
supplies are connected* The outer rim to 
which the membrane is attached is the ground 
reference for the five power supplies. The 
width of the flat annular control electrodes 
was selected to provide best shape control 
when deforming a flat (untensioned) membrane 
surface to a. sphere (tensioned).
Figure 5 is a. photograph of the 0.3 mil Kapton 
test membrane installed on the test fixture 
before the electrostatic force was applied. 
The wrinkles seen, appear to be typical of 
those seen 1n the commercial grade of Kapton 
used. Figure 6 is a. photograph of the test 
membrane with the electrostatic force applied.. 
The increase in smoothness of the surface Is 
noticeable. Voltages up to 70' kV have been 
used In tests. Since the reflector 
and r1m are grounded {the exterior of a 
satellite could also be construed as the 
ground reference), one can touch the 
reflector surface without hesitation. 
By proper design of ground-based electrostatic 
reflectors/corona and air
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can be virtually eliminated so that very low 
power, high-voltage supplies (e.g., CRT solid- 
state power supplies) can be used.
The membrane used in Figures 5 and 6 is 
aluminized Kapton with the aluminized side 
facing the control electrodes and the diffuse 
Kapton surface facing the camera. Four seams 
are evident. The seams provide a practical 
test of fabricating and manufacturing quality 
membrane reflector surfaces. At 34.14 meters 
(112-foot) 9 the radius of curvature for this 
model is quite large. In achieving this 
radius of curvature, the membrane center point 
moves about 87 mm (3.4 inches). This relative­ 
ly small deflection was adequate to induce a 
stress that is about 6 percent of yield stress 
(626 psi) in the membrane reflector which 
visually eliminated most wrinkles and imper­ 
fections in the membrane. The aperture focal 
length-to-diameter ratio, fn = 3.5, is 
larger than desirable for full-scale orbital 
reflectors, but provided a good initial test 
bed for experimentation.
Various factors are associated with the selec­ 
tion of the baseline, fn - 3.5. Fabrication 
of a preformed-dished membrane which would 
allow tests at very low fn was ruled out 
until more experience is gained on fabricating 
flat membrane panels. Figure 7 summarizes 
the principal constraints as a function of 
fn . Field intensity is quite important 
because it relates directly to the onset of a 
corona or a discharge spark. Although high 
voltage is technically easy to generate when 
the power requirements are minimal, costs of 
adjustable high-voltage supplies increase 
rapidly above 60 to 80 kV. Voltages could 
be reduced substantially if the control 
electrode surface was curved or a stability 
constraint(gap = 0.75AZ) was relaxed. Mem­ 
brane strain limits (upper and lower bound) 
are not as well defined as the field intensity 
or voltage. Operations below 10 percent of 
yield strain (ey/10) are known to be free of 
tear propagation (Griffith crack growth) 
for slits exceeding a meter. Micro-creep 
appears to be relatively unimportant at these 
strain levels. Operation at strain levels of 
1 to 10 percent of yield are contemplated 
for orbiting reflectors. Table 2 also sum­ 
marizes these fn constraints when deforming 
an initially flat sheet to a spherical surface.
Noteworthy electrostatic membrane reflector 
characteristics, as functions of fn , are 
shown in Figure 8. With the aperture bore- 
sight aligned horizontally* a nonsymmetric
gravity deformation develops. Membrane 
gravity "sag" .in the bottom: half of the 
aperture was obtained with a zero-order cal­ 
culation* The gravity deformations are 
quite small--many orders of magnitude less 
than the desired surface accuracy of 1.0 to 
10 mm (0.04 to 0*4 inch) which would be
acceptable to NASA reflector antennas operat­ 
ing at 1 to 10 GHz. The pressure required to 
form spheres with fn = 2 to 10 from a 
polymer membrane with a modulus-thickness 
product of 2.61 x JQ4 N/m2 (147,6 psi) varies 
from 0.1 to 10 N/m2 (1.45.x 10' 5 to 
1.45 x 1Q-4 psi). Although these 
are small in comparison to one-atmosphere 
pressure (~105 N/m2 ), they are substantially 
larger than solar pressure 4,5 % 1Q~6 
(6.5 x io-10 psi) felt in low-Earth orbit. 
Both the capacitance and of 
the reflector acting as an 
tance are attractively for all %, 
Of the parameters the 
static membrane reflector in 
and 8 S the electric field and 
voltage effectively set an fn - 3.5 for 
the preliminary
Table 3 of the
design parameters of the 
electrostatic reflector. 
and pressure are on the 
modulus-thickness (Eh) and 
that may exist during
to the rim. A nominal Eh - 2.61 x 1Q4 n/m 
has assumed. of the 
to the rim without stress has challenging 
primarily because of a. significant expansion- 
contraction of the polymer after 
attachment to the ring. The polymer 
has a hygroscopic expansion coefficient of 
2.2 x io*5 m/m percent which is as large as 
the thermal expansion coefficient,- 
a = 2 x io-5 m/m/°C. Testing in the presence 
of large humidity changes causes large hygro­ 
scopic strains which are alleviated by 
perimeter adjustments. A humidity change of 
50 percent can introduce a stress (or relaxa­ 
tion) that is 75 percent as large as the stress 
developed by electrostatics initially 
forming the fn = 3.5 reflector. One 
used to test the state of tension 
and the boundary condition was to orient the 
boresight vertically and gravity- 
induced deflections in the centerline.
INITIAL.
Model tests at
the power supply voltages set and the
resulting of
the shape by
and vernier adjustments will be per­ 
formed by 1981. The men [bra he reflector 
shapes by three types of figure
sensors: a
surface slope, a of
triangulate for and' still
reconstructs 
plates.
The laser
or was (Fig.. §1 to 
the of the 1
(16-foot) circular concave reflector. The 
aperture of a 3-milliwatt HeNe laser was 
placed at the estimated center of curvature 
of the reflector with its beam directed toward 
the geometric center of the reflector. A 
projection screen to receive the reflected 
laser beam was attached to the laser and 
remains normal to the emerging laser beam as 
the laser scans the surface of the reflector. 
If the concave surface is a true spherical 
surface, the reflected beam always returns to 
the laser aperture in the center of the screen. 
For a nonspherical surface, the reflected 
beam falls on the screen some distance from 
the laser aperture. From geometry, the 
reflector surface deviations from a true 
spherical surface are related to this distance. 
The reflector contour is calculated by summing 
the incremental deviations over the incremental 
span.
Another technique that was used (Fig. 10) 
involved two digital theodolites (K&E Vectrons) 
which were set up to input the horizontal 
and vertical angles of 61 points on the con­ 
cave surface to a desktop computer (Tektronix 
4052) which was programed to produce the X, 
Y, Z coordinates of the points and their 
deviation from a spherical surface. The 
coordinates were related to the plane of the 
16-foot diameter ring.
Still camera photogrammetry (Fig. 11) was 
also used to develop the X, Y, Z coordinates 
of the 61 points on the surface as related to 
the plane of the 16-foot diameter ring. Three 
negatives were exposed at each test voltage 
condition and used as the basis for developing 
the coordinates and deviation from a spherical 
surface.
Three methods were tried in order to evaluate 
the relative merits of each. It became appar­ 
ent that each technique had its advantages 
and disadvantages. For example: (a) The 
laser system could give a quick analysis of 
the surface characteristics in the horizontal, 
vertical, and diagonal diameters as long as the 
selected point on the surface was smooth enough 
to return the beam. Wrinkles or large dis­ 
tortions would cause the return beam to dis­ 
perse and distort the integration process, 
particularly toward the edges of the 16-foot 
ring, (b) The theodolite system could give 
accurate readings of the 61 points on the 
surface; however, even with the digital 
theodolites, the process was a time-consuming 
one. The hygroscopic characteristics of the 
Kapton film caused changes in the points 
being read over a 3- to 4-hour time period. 
This was particularly noticeable during a 
very humid period encountered during the 
testing, (c) The photogrammetry technique 
was good from a viewpoint of the data being 
taken at a specific point in time and pre­ 
served for future analysis; however, the data
analysis time was time-consuming and the 
coordinates of the points were not available 
until 5 to 7 days after the photographs were 
taken.
The open-loop measurements of the electro­ 
static membrane reflector operation have been 
very successful to date. Surface scans have 
been made along radial lines using the three 
measurement techniques and several "off-the- 
shelf 11 Kapton membranes. The measurements 
using the photogrammetry technique were used 
to reconstruct the surface error distribution 
shown in Figure 12. The photogrammetry mea­ 
surements provided 61 data points to allow for 
the graphic isometric projection. The contour 
shown is the actual measured shape minus the 
ideal shape. The surface contours have the 
following three distinct traits: (1) The 
perimeter of the membrane reflector has a 
low frequency distortion. The membrane re­ 
flector is attached to the rim and therefore 
must transmit whatever errors are present in 
this support structure. For more clarity of 
the rim location, Figure 13 presents the rim 
geometry. Although the rim departs from the 
desired flat plane with an approximate error, 
a = 4 mm (0.16 inch) RMS, the membrane tends 
to provide a smoother spline fit between the 
ridges of the rim. (2) Just inside the perim­ 
eter attachment, the membrane reflector dis­ 
plays a slight bulge that appears as an 
annular ring that follows the rim. Referring 
back to Figure 4, one sees that the outermost 
electrode does not extend to the rim but it 
is about 30-cm short. The membrane region, 
void of an electrostatic pressure, yields 
this anomaly. (3) A low-amplitude undulation 
exists over the surface. The pattern matches 
the direction of the seams and the five 
horizontally aligned panels used to form this 
surface. This is one error source in the 
reflector that cannot be readily removed. (In 
a vacuum, one could apply higher pressure 
to further tension the surface and remove some 
of the error.) From stress-strain tests on an 
Instron machine, it was determined that this 
polymer exhibits a longitudinal (roll direc­ 
tion) modulus of elasticity, EI = 4.25 x 10~ 9 
N/m2 (616 KSI) and a lateral modulus of 
elasticity, £2 = 3.88 x lfl9 N/m2 (564 KSI). 
This 9.2-percent difference in stiffness, 
together with the contribution of a double- 
thickness seam, introduces the small ridge 
patterns. The average waviness is less than 
0.5 mm (RMS) in amplitude and is an allowable 
surface error for reflectors operating below 
10 GHz. A further discussion of these resid­ 
ual errors will be presented later in this 
paper.
A true scale view of the rim edge-on is shown 
for reflectors operating below 10 GHz in 
Figure 14. The membrane center point (r = 0) 
was located on the zero error plane. The 
arrow indicates a 10-mm true scale length.
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Note that the membrane midpoint (located at 
the zero error plane) deflected 87 mm, while 
the membrane along the rim did not deflect. 
Elimination of the rim deformation will 
improve surface quality substantially.
Open-loop voltages used in several 1980 tests 
are summarized in Table 4. A discussion of 
the ideal voltage (and pressure) distribution 
for this model is given in Reference 1. To 
generate a sphere of high surface quality, 
the ideal pressure distribution as well as 
the five voltages are known. Experimentation 
at different voltage settings provided in­ 
sight on position control. Near the final 
desired shape, the center electrode produces 
a linear deflection-voltage relationship, 
dZ/dV =2.1 mm/KV. Thus, power-supply 
resolution with this model can be incremented 
in 0.5-kV steps to maintain a surface accuracy 
to the desired millimeter or in 5-kV steps 
to maintain 1-cm accuracy. The ideal voltage 
distribution for this membrane reflector with 
ideal perimeter boundary conditions is dis­ 
cussed in Reference 1. The voltage on the 
outermost electrode is 1.6 times the center 
electrode voltage to achieve a constant 
curvature. Best results were also obtained 
using increasing voltage distribution. Tests 
were also performed at constant voltage and 
at different levels of perimeter pretension 
that yielded the approximate same center!ine 
deflection. The reflector shapes using the 
voltage listed in Table 4 are summarized in 
Tables 5 through 7.
A simple way to present the membrane reflec­ 
tor shape is with the power series repre­ 
sentation included in Tables 5 through 7. 
For a spherical surface, the deflection, as 
a function of radius is
1 R _ I K~
For the baseline model 
p = 34137.mm
Z(mm) = 87.2
R = 2440.mm
+ 0.11 V +
The sphere is virtually a parabola with the 
fourth-order term contributing 0.11 mm at 
the rim (r/R - 1.0). The data in Tables 5 
through 7 are to compare with the ideal shape. 
The coefficients were obtained using a 
regression analysis which provides the best- 
fit curve through the data with the minimum 
RMS error. Because the shapes are not sym­ 
metric, as shown in Figure 12, the regres­ 
sion included the odd-order terms A], A2, 
and AS. Since the power series was limited 
to a low order (n = 1, 2, 3, 4), the best-fit
curves cannot follow the higher frequency 
spatial disturbances shown in Figure 12 caused 
by seams and material defects. The right- 
hand column in Tables 5 through 7 provides 
the deviation, a, from the mean shape that 
is attributed to material defects and seams. 
By this technique, one is able to review the 
following characteristics of this model: 
(1) Using the axi symmetric controllers, 
electrostatic pressure can adjust the coef­ 
ficients Ag and A4. (2) Coefficients 
A] and AS provide insight on the rim 
deformations and the resulting effect on the 
membrane reflector. (3) Roughness of the 
surface parallel and transverse to the mem­ 
brane seams is provided by a\\ and ay.
It is encouraging to note that the surface 
errors crossing the seams are only 3 to 4 
times larger than the errors parallel to the 
seams. Alternately, one may be surprised to 
see the material smoothness without seams 
to be only 3 to 4 times smaller than that 
crossing the seams. The roughness values, 
a, provides a zero-order estimate of the 
quality of this commercial material as an 
electromagnetic reflector. With a residual 
RMS waviness of 0.77 mm (0.030 inch) and a 
reflector smoothness requirement a = A/30, 
a reconfigured baseline could be operable 
at 13 GHz (X = 0.0225 m). The residual 
waviness can be further reduced by changes in 
seam layout and imposing specifications on 
the membranes.
In a comparison of the overall shape, as 
governed by electrostatics, tests 1-1 and 4-1 
provide the closest match to the spherical 
surface by comparing the A2, A4 coef­ 
ficients. Tests in 1981 will attempt to match 
the ideal A2s A4 coefficients by making 
vernier adjustments of the five electrode 
voltages. The adjustments will be performed 
open loop over a several -minute period as a 
preface to closed-loop electrical control. In 
closed-loop control, figure sensor errors 
would be converted immediately to voltage 
adjustments to "lock-on" to a desired shape.
An "averaged" radius of curvature can be 
determined from the power series representa­ 
tion of the shape and it is given by the 
equation
p = R2/(2A2 + 6A3 (r/R) + 12A4 (r/R) 2 ).
The variation in radius of curvature for 
several cases is shown in Figures 15 and 16. 
Ideally, the radius of curvature would be 
constant as a function of radius. In 
Figure 15, the radius of curvature from tests 
3-1 and 3-4 departs significantly from a 
constant. The reason for this difference is 
seen in the comparison of voltages also shown
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in Figure 15. The substantially higher 
voltages at the inner radius produce a higher 
relative pressure inboard resulting in a 
smaller radius of curvature. In Figure 16, 
the radii of curvature for the horizontal and 
vertical traces are more constant and the 
voltage profiles are also similar.
SUMMARY
Surface quality measurements have been 
initiated on a highly deformable elastic 
membrane that was pressurized by electro­ 
static forces. Preliminary test results have 
led to an understanding of a moderately large 
(4.88-meter diameter) membrane surface and 
recommendations for refined testing.
Instrumentation used to measure the membrane 
surface worked well although not at a rate 
to allow real-time readjustment of the surface 
for best shape. The electrostatic membrane 
reflector operates well in an open-loop sense, 
displaying a high degree of position stability 
and negligible power consumption in dry air. 
While Visco-elastic creep was not evident, 
the polymer membrane does expand and con­ 
tract considerably due to its hygroscopic 
expansion coefficient.
A residual roughness of about 0.75 mm (RMS) 
exists with the commercial "off-the-shelf" 
polymer used in these preliminary tests. 
This error is attributed to seams and membrane 
anisotropy where the material is stiffer in 
one direction.
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Figure 1 0 Schematic of 16 ft., f = 3.5 Electrostatic Membrane Reflector
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Figure 2. Martin-Marietta Conceptual 100 Meter Diameter Antenna.
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16 ft DIAMETER TEST FIXTURE 
BACK ELECTRODE CONFIGURATION
Figure 4. Five Concentric Control Electrodes and Rim Structure of NASA 
16 ft. Electrostatic Reflector
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0.3 mil KAPTON INITIAL INSTALLATION 
WITHOUT ELECTROSTATIC FORCE
Figure 5. Kapton Membrane After Being Installed and Before Electrostatic Force Was Applied
0.3 mil KAPTON WITH ELECTROSTATIC FORCE APPLIED
8
Figure 6. Kapton Membrane Tensioned and Controlled by Five Concentric Electrodes.
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From Planar Sheet—Kapton/Aluminum
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Figure 14. Experimental Membrane Surface Error Distribution (i.e., Measured Shape Minus Ideal 
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Figure 1.5, Spatial Control with Electrostatics
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Figure 16, Spatial Control with Electrostatics
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TABLE 1 
POSTULATED REQUIREMENTS OF VERY LIGHTWEIGHT SPACEBORNE REFLECTORS
Goal Solution Approach
Reflection Angstroms-thick reflector
Stiffness Tension rigidity of a membrane
Positioning Electrostatic forces
Accuracy Optical figure sensor
Stability Closed-loop electrical feedback controller
fN (>) 
2.8
3.0
3.0 
3.75 
1.2 
3.5*
TABLE 2 
f-NUMBER CONSTRAINTS
Constraint 
Strain eQ =
Creep-limit viscoelastic strains 
in 8 hours
Corona— 800 kV/m in dry air 
Corona— 600 kV/m in moist air 
Breakdown— at center electrode, 3.2 MV/m 
Voltage— inexpensive supply (^60 kV)
Postulated design.
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TABLE 3
SUMMARY OF DESIGN PARAMETERS OF THE 16 ft 
DIAMETER ELECTROSTATIC MEMBRANE REFLECTOR
h = 7.5 pm Aluminized Kapton membrane thickness. Resistivity
should be less than Wsquare. The conductive 
aluminum coating on the polymer membrane should be
at least 500A thick when used as a 10-GHz 
reflector. The membrane should display a high 
degree of "flatness, 11 particularly for correlation 
lengths in the centimeter-to-meter regime. Narrow 
creases or folds are acceptable.
fN = 3.5 This focal-length-to-diameter ratio is achievable
with a spherical reflector.
aZ = 8.71 cm The membrane centerline deflection is very large
when compared to the membrane thickness, i.e., 
AZ/h = 11,460. Large geometric rotation but small 
(linear) strain of the membrane occurs.
fi p 0(0) = 4.3 x 10 N/m Membrane stress and strain at the center!ine are
(626 psi) approximately 6 percent of yield strain,
a = 6.895x!07N/m2 (10,000 psi).j' ,
ar (R) = 0,740(0) The radial stress at the perimeter is nearly as
large as the centerline value which is the 
maximum membrane stress.
erJR) = 0.220(0) The circumferential stress near the perimeter
is significantly less than the centerline value. 
The rim attachment must be carefully managed to 
prevent an even lower stress, which can introduce 
radial wrinkles.
"2 
P(0) = 1.9 N/m The maximum electrostatic pressure on the reflector,
which occurs at the centerline, is large by one 
comparison, being 2.11 x 105 times larger than 
solar pressure, but small by another measure, being 
only 1.87 x 10"5 atmosphere. The electric field 
strength necessary to generate the maximum pressure 
is E = 6.6 x 105 V/m (16,500 V/inch). This level 
is belpw a corona condition in dry air and well below 
air breakdown and discharge.
C = 4.4 x 10"9 farads • C = e efA/Z
where e =8.84 10" 12 farads/meter
ef - dielectric relative capacitance
A = flat plate area
Z s average electrode separation
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TABLE 3 (Continued)
The capacitance is very small because.the 
; dielectric constant for air is a
(e f s 1) and the electrode is
i **j 
W s 0,42 J W « j CV'""". The energy Is
the capacitance is small. By a 
typical automotive battery con tains ••approxi­ 
mately TCP J of energy*
gap = 0.75AZ The closest spacing the
and the-membrane reflector is 
of the membrane deflection.
V(0) = 45 kV The voltage increases the 
V(R) = 68 kV [V(0)] to the when tilt
prescribed gap and a flat
4-3?
TABLE 4 
SUMMARY OF OPEN-LOOP VOLTAGES USED IN 1980 TESTS
Test
1-1 
2-1 
3-1 
3-2 
3-3 
3-4 
4-1 
4-2 
4-3
Date
10/06/ 
10/15/ 
10/17/ 
10/17/ 
10/17/ 
10/17/ 
10/24/ 
10/31/ 
11/03/
*1 V 2 "3im _
80 40 42 4£ 
80 62 68 6{ 
80 68 68 6£ 
80 70 66 66 
80 67 68 67 
80 68 70 7C 
80 41 45 4£ 
80 46 51 57 
80 40 40 4C
V 4 5 Best 
Results
J 54 58 * 
J 68 70 
! 68 68 
i 68 60 
66 60 
) 69 60 
! 55 57 * 
63 68 
) 40 40
TABLE 5 
ANALYTIC REPRESENTATION OF HORIZONTAL TRACES
2 (mm) = A, (r/R) + A2 (r/R) 2 + A3 (r/R) 3 + A4 (r/R) 4
1 £. O *T
Test 
No.
Ideal
1-1
2-1
3-1
3-2
3-3
3-4
4-1
4-2
4-3
Al
0
-1.27
-1.9
- .91
- .5
-1.22
- .79
5.84
4.98
5.99
A2
87.2 mm
95.4
102.0
113.8
118.8
110.1
112.8
97.4
139.7
112.8
A3
0
9.2
-3.7
-5.6
-5.7
-5,3
-5.7
-6.4
-5.68
-6.25
A4
.11
- 2.2
-18.1
-30.9
-37.2
-29.7
-26.6
- 4.8
-24.2
-22.3
Roughness (Waviness) 
about Generated Shape 
OH (mm) RMS
0
0.3
0.3
0.15
0.3
0.18
0.18
0.5
0.46
0.58
4.38
TABLE 6 
ANALYTIC REPRESENTATION OF VERTICAL TRACES
2 (mm) = A^r/R) •+ A2 (r/R) 2 + A3 (r/R) 3 + A4 (r/R) 4
Test 
No.
Ideal
1-1
2-1
4-1
4-2
4-3
V
0
.9
-2.5
-7.4
-8.4
-5.5
A2
87.2 mm
77.3
88.7
80.6
118.5
97.4
A3
0
4.7
2.2
3.9
5.1
3.1
A4 Roughness (Waviness) 
about Generated Shape 
ay (mm) RMS
.11
8.07
-9.63
5.63
-10.2
-13.3
0
0.9
0.4
1.4
1.3
1.7
TABLE 7 
ANALYTIC REPRESENTATION OF DIAGONAL (+_ 45°) TRACES
Z (mm) = A^r/R) + A3 (r/R) 2 + A3 (r/R) 3 + A4 (r/R) 4
Test
No.
Ideal
4-1 (+45°)
4-2 (+45°)
4-3(+45°)
4-2(-45°)
4-3(-45°)
Al
0
-6.
- .
-1.
8.
8.
A02 A
87.2 mm
9
9
9
5
9
92.
132.
106.
129.
103.
9
0
7
8
6
-6
-4
-4
-5
-6
3
0
.1
.4
.7
.3
.4
A4
.11
- 4.
-21.
-21.
-24.
-22.
6
1
2
4
3
Roughness (Waviness)
about Generated Shape
<745 (mm) RMS
0
.69
1.35
.84
.61
.56
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